1. Introduction
===============

Chronic hepatitis B virus (HBV) infection affects an estimated 240 million persons worldwide,^\[[@R1]\]^ making these patients at a high risk of developing cirrhosis, hepatic decompensation, and hepatocellular carcinoma.^\[[@R2]\]^ Early diagnosis and intervention of liver fibrosis staging is essential. Currently, liver biopsy is considered as the 'gold standard' for determining the fibrosis.^\[[@R3]\]^ However, liver biopsy is limited due to high sampling error and potential complications as an invasive examination.^\[[@R3],[@R4]\]^ Thus, noninvasive methods to assess the severity of hepatic fibrosis in chronic HBV infection is particularly needed, especially in resource-limited settings.

Several noninvasive fibrosis tests based on ultrasound principles or serum indicators are now available. Transient elastography (FibroScan) has been reported to accurately reflect liver fibrosis.^\[[@R5]\]^ But the feasibility and reproducibility of the test may be affected by high body mass index.^\[[@R6],[@R7]\]^ In addition, the cost of acquiring, running and maintaining FibroScan is relatively high.^\[[@R8]\]^ Serum indicators are simple and inexpensive noninvasive methods. Among them, aspartate aminotransferase to platelet ratio index (APRI) and fibrosis index based on the 4 factors (FIB-4) are recommended by clinical practice guidelines as commonly used indicators for evaluating liver fibrosis.^\[[@R8],[@R9]\]^ However, APRI and FIB-4 were initially used to diagnose hepatic fibrosis in patients with chronic hepatitis C and in patients co-infected with human immunodeficiency virus and hepatitis C virus, respectively.^\[[@R10],[@R11]\]^ The sensitivity and specificity of these two noninvasive indexes for detection of cirrhosis were low,^\[[@R8],[@R12]\]^ and their application in chronic HBV infected patients is controversial.^\[[@R13],[@R14]\]^

Therefore, new noninvasive markers for predicting fibrosis stage may reduce the need for liver biopsy. According to the current researches, serum bile acids (BAs) and lipid metabolism have a close relationship with liver diseases.^\[[@R15]--[@R18]\]^ Among them, total cholesterol (TC) is independently correlated with the mortality of cirrhosis and BAs is a valuable prognostic index for cirrhosis.^\[[@R19],[@R20]\]^ A combination of fasting and postprandial BAs measurements appear to be more sensitive for detection of cirrhosis in patients with normal transaminases than other biochemical tests of liver function.^\[[@R16]\]^ While in patients with HBV infection, TBA and HBV have a co-receptor when entering hepatocytes,^\[[@R21]\]^ binding of HBV to its cellular receptor affects the metabolism of BAs.^\[[@R22]\]^ Since BAs are synthesized from cholesterol in hepatocytes and BAs metabolism plays an essential role in cholesterol homeostasis,^\[[@R23]\]^ the abnormal of serum BAs levels may cause imbalance of BAs to cholesterol ratio.

In addition, the accumulation of serum BAs were also reported to be the main characteristic of cholestatic liver diseases that lead to necrosis and apoptosis of hepatocytes as well as progress of fibrosis.^\[[@R24]--[@R26]\]^ The potential ability of the indicators related to BAs metabolism to differentiate non-cholestatic liver fibrosis has rarely been studied before. Therefore, the main purpose of the present study was to evaluate the value of total bile acid-to-cholesterol ratio (TBA/TC) in the diagnosis of liver fibrosis in chronic HBV infected patients without cholestasis. Based on a consecutive cohort, all subjects with serum alkaline phosphatase (ALP) \> 1.5 upper limit of normal (ULN) and gamma-glutamyl transferase (GGT) \> 3 ULN or with primary biliary cirrhosis, primary sclerosing cholangitis, obstructive jaundice and cholangiocarcinoma were strictly excluded. After eliminating the interference of cholestasis, the relationship between TBA/TC and liver fibrosis was truly reflected, and the true and convincing results of diagnostic value of TBA/TC for liver cirrhosis could be acquired based on our cohort.

2. Material and methods
=======================

2.1. Patients
-------------

A group of 667 consecutive chronic HBV infected patients from the first hospital of Lanzhou university were included from June 2016 to August 2017. Figure [1](#F1){ref-type="fig"} summarized the flow diagram of the study population, and the inclusion criterion was the persistence of hepatitis B surface antigen for more than 6 months.^\[[@R2],[@R8]\]^ Identifying persons with cirrhosis was made by histological or combination of clinical signs (hepatomegaly and splenomegaly, ascites, caput medusae, spider naevi and others) and laboratory parameters or typical liver imaging signs (typical morphological changes of liver, portal hypertension signs in abdominal ultrasonography or computed tomography).^\[[@R8]\]^ Clinical features of decompensated cirrhosis include Portal hypertension (ascites, variceal hemorrhage of esophageal or gastric and hepatic encephalopathy), coagulopathy, or liver insufficiency.^\[[@R8]\]^ In addition, significant hepatic fibrosis was determined by liver ultrasound elastography.^\[[@R27]\]^

![Flow diagram of the study population. HBV = hepatitis B virus, HCC = hepatocellular carcinoma, HIV = human immunodeficiency virus.](medi-99-e19248-g001){#F1}

The exclusion reasons were as follows:

1.  less than 18 years old;

2.  insufficient clinical data (without hemocyte, liver chemistry and coagulation indicators);

3.  acute hepatitis B;

4.  combined with other liver diseases (hepatitis A, hepatitis C, hepatitis E, autoimmune hepatitis, alcoholic liver disease, steatohepatitis, drug-induced liver injury, Wilson\'s disease or metastatic liver cancer);

5.  co-infected with HIV;

6.  received liver transplantation or plasmapheresis;

7.  hepatocellular carcinoma received transcatheter arterial chemoembolization or radiofrequency ablation;

8.  with extrahepatic solid tumors received radiotherapy or chemotherapy;

9.  use of immune inhibitors, hepatotoxic drugs, ursodeoxycholic acid;

10. co-existence of other serious diseases (shock, multiple organ failure, uremia and required dialysis, severe infection, hematologic malignancies);

11. with cholestasis. Cholestasis is defined as serum ALP \> 1.5 ULN and GGT \> 3 ULN,^\[[@R28]\]^ the ULN of ALP and GGT are 125U/L and 69U/L respectively. The patients with primary biliary cirrhosis, primary sclerosing cholangitis, obstructive jaundice and cholangiocarcinoma were also excluded.

The present study was anonymously analyzed and met the ethical requirements of the institutional review boards at the first hospital of Lanzhou university (Approval number: LDYYLL2019--211).

2.2. Laboratory tests
---------------------

Serum hematological and fasting biochemical parameters within 24 hours of admission were tested. For patients performed liver biopsy, blood samples were collected before invasive operation. Haematological indicators, including white blood cell counts, lymphocyte, neutrophil, red blood cell counts, hemoglobin and platelet counts, were tested by fully automatic blood cell analyzer (BC-5390 CRP, China). Biochemical parameters, including aspartate aminotransferase (AST), alanine aminotransferase (ALT), ALP, GGT, total bilirubin (TBIL), direct bilirubin, indirect bilirubin, TBA, TC, triglyceride, total protein, albumin (ALB), globulin, cholinesterase (CHE), creatinine and urea nitrogen, were tested by fully automatic biochemical analyzer (Olympos AU400, Japan). Virological parameters of HBV included hepatitis B surface antigen, hepatitis B surface antibody, hepatitis B e antigen and HBV DNA.

APRI, FIB-4 were calculated as previously described: APRI = \[AST (U/L)/its ULN\]/PLT (10^9^/L) × 100,^\[[@R10]\]^ and FIB-4 = \[Age (years) × AST (U/L)\]/ PLT (10^9^/L) × \[ALT (U/L)^1/2^\],^\[[@R11]\]^ respectively.

2.3. Liver biopsy and histological examination
----------------------------------------------

Liver biopsies were performed using ultrasound localization. Each specimen was longer than 1.5 cm, containing at least 6 complete portal area. The samples were formalin-fixed and paraffin-embedded for histological analysis. Hepatic histology was interpreted by two senior pathologists who were blinded to the patients' clinical information. Hepatic fibrosis stage was assessed according to the METAVIR scoring system from F0 to F4: F0, no fibrosis; F1, portal fibrosis without septa; F2, portal fibrosis with few septa; F3, numerous septa without cirrhosis; and F4 was considered as cirrhosis.^\[[@R29]\]^

2.4. Statistical analysis
-------------------------

Statistical analysis was performed using SPSS version 17.0 (Chicago, IL). Continuous variables were presented as mean ± standard deviation, categorical values were expressed as frequencies. Data distribution were analyzed according to the Kolmogorov-Smirnov test. The differences of normally distributed data were analyzed using two-independent samples *t* test, non-normally distributed data were analyzed using Mann-Whitney test. Correlation analysis was evaluated using Spearman\'s rank correlation. The (LR) multivariate logistic regression analysis with stepwise forward selection was performed to identify predictors of cirrhosis and significant liver fibrosis, the *P* values of entry and removal were respectively set to .05 and .10. The diagnostic value of independent predictors were assessed according to the area under the receiver operating characteristic (ROC) curves and 95% confidence interval (CI). Sensitivity analyses were performed using MedCalc version 18.2 software (MedCalc Software, Mariakerke, Belgium). A two-sided *P* \< .05 was considered statistically significant.

3. Results
==========

3.1. Patient characteristics
----------------------------

A group of 667 chronic HBV infected patients without cholestasis were included and the characteristics of included participants were shown in Table [1](#T1){ref-type="table"}. The mean age was 48.80 ± 11.00 years and the proportion of men was 63.87%.

###### 

Baseline characteristics of the included patients.
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The progression stages of chronic HBV infection were divided into three parts: 216 patients (32.38%) without cirrhosis, 156 (23.39%) patients with compensated cirrhosis and 295 (44.23%) patients with decompensated cirrhosis. Among the 32 patients who performed liver biopsy, F4 accounted for the largest proportion (23/32, 71.87%), this was followed by F1 (4/32, 12.50%), F2 and F3 were accounted for 6.25% (2/32) and 9.38% (3/32) respectively. Liver histological stages were divided into two groups of non-cirrhosis (F1-F3) and cirrhosis (F4).

In addition, 138 patients performed liver ultrasound elastography. F2 was presented in 70 patients, which accounted for the largest proportion (50.72%). This was followed by F1 (31.89%) and F0 (7.97%). F3 and F4 were found in 5.80% and 3.62% of the patients respectively.

3.2. TBA/TC as a serum marker for cirrhosis in chronic HBV infected patients without cholestasis
------------------------------------------------------------------------------------------------

Compared to patients without cirrhosis, TBA, TBA/TC, AST, ALT, ALP, GGT and TBIL were significantly higher in cirrhosis, while TC, ALB, CHE and prothrombin activity (PTA) were significantly lower (Table [2](#T2){ref-type="table"}, all *P* \< .001), which were all significantly correlated with the progression stages of chronic HBV infection (all *P* \< .001), as shown in Table [3](#T3){ref-type="table"}. Subsequently, indicators related to bile excretion, including TBIL, ALP, GGT, TBA and TBA/TC, were entered into multivariate analysis. The selection of variables adopted stepwise forward procedures and the final results were shown in Table [4](#T4){ref-type="table"}. TBA/TC has a larger OR value (OR = 1.102, 95% CI: 1.085--1.166) than ALP (OR = 1.007, 95% CI: 1.002--1.013) and GGT (OR = 1.007, 95% CI: 1.002--1.011).

###### 

Indicators of cirrhosis in chronic hepatitis B virus infected patients without cholestasis.
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###### 

Correlation analysis between laboratory indicators and different degrees of liver fibrosis in chronic hepatitis B virus infected patients without cholestasis.

![](medi-99-e19248-g004)

###### 

Predictors of cirrhosis according to multiple logistic regression analysis.
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Furthermore, among the patients performed liver biopsy, TBA and TBA/TC were significantly higher both in significant fibrosis and cirrhosis (all *P* \< .001), and ALB (*P* = .009 and *P* \< .001), CHE (both *P* \< .001) and PTA (*P* = .028 and *P* = .006) were significantly lower, while TC was only significantly lower in cirrhosis (*P* \< .001, Table [5](#T5){ref-type="table"}). In the subsequent Spearman\'s correlation analysis, significant correlations were also found between variables of TBA (r = 0.57, *P* = .001), TBA/TC (r = 0.62, *P* \< .001), ALB (r = −0.64, *P* \< .001), CHE (r = −0.64, *P* \< .001), PTA (r = −0.51, *P* = .003) and the fibrosis stage of F1, F2/3 and F4 (Table [3](#T3){ref-type="table"}). These five indicators together with age were then entered the multivariate analysis. The results were shown in Table [4](#T4){ref-type="table"}, and TBA/TC was found to be independently correlated with cirrhosis in chronic HBV infected patients without cholestasis (OR = 2.145, 95% CI: 1.035--4.442).

###### 

Indicators of significant fibrosis and cirrhosis in non-cholestatic chronic hepatitis B virus infected patients performed liver biopsy.
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3.3. TBA/TC diagnoses cirrhosis in chronic HBV infected patients without cholestasis
------------------------------------------------------------------------------------

To evaluate the ability of TBA/TC in diagnosing cirrhosis in non-cholestatic chronic HBV infected patients, the ROC curves and sensitivity analyses were performed comparing with APRI and FIB-4, as shown in Figure [2](#F2){ref-type="fig"}A and Table [6](#T6){ref-type="table"}. The area under the curve (AUC) of TBA and TBA/TC were 0.85 and 0.87 respectively (all *P* \< .001), which were almost equivalent to APRI and FIB-4 (AUC = 0.84, *P* \< .001 and AUC = 0.80, *P* \< .001, respectively). The sensitivity, specificity and positive predictive value (PPV) of FIB-4 (80.49%, 71.76%, 85.60%, respectively) for diagnosing cirrhosis were lower than APRI (86.03%, 73.61%, 87.20%, respectively). But the specificity and PPV of TBA (85.19%, 91.70%) and TBA/TC (83.33%, 91.10%) were higher than those of APRI. The optimal cut-off value of TBA and TBA/TC were 10.40 and 2.70 respectively.

![Receiver operating characteristic (ROC) curves of TBA, TBA/TC for diagnosing liver cirrhosis, in comparison to APRI, FIB-4. (A) In the general population. (B) In the population performed liver biopsy. APRI = aspartate aminotransferase to platelet ratio index, FIB-4 = fibrosis 4 score, TBA/TC = total bile acid-to-cholesterol ratio, TBA = total bile acid.](medi-99-e19248-g007){#F2}

###### 

Diagnostic values of total bile acid, total bile acid-to-cholesterol ratio in liver cirrhosis, for comparison, diagnostic values of aspartate aminotransferase to platelet ratio index and fibrosis 4 score.

![](medi-99-e19248-g008)

Furthermore, among the patients performed liver biopsy, The AUC of TBA and TBA/TC were 0.87 (*P* = .001) and 0.91 (*P* \< .001) respectively (Fig. [2](#F2){ref-type="fig"}B), which were also almost equivalent to APRI and FIB-4 (AUC = 0.87, *P* = .002 and AUC = 0.79, *P* = .013, respectively).

3.4. TBA/TC as a serum marker for significant liver fibrosis in chronic HBV infected patients without cholestasis
-----------------------------------------------------------------------------------------------------------------

TBA/TC was independently correlated with cirrhosis in chronic HBV infected patients without cholestasis. Consequently, we analyzed the correlation between TBA/TC and significant liver fibrosis, as shown in Table [7](#T7){ref-type="table"}. TBA/TC was significantly increased in significant liver fibrosis as well as significantly associated with the fibrosis stages from F0 to F4 (both *P* \< .001). In the subsequent multivariate analysis, after adjusting other factors related to liver injury and metabolism, including AST, ALT, ALP, GGT, TBA/TC was also independently correlated with significant fibrosis (OR = 1.040, 95% CI: 1.001--1.078). The AUC of TBA/TC that distinguishes significant liver fibrosis was 0.70 (*P* \< .001) as shown in Figure [3](#F3){ref-type="fig"}.

###### 

Relationship between total bile acid-to-cholesterol ratio and significant liver fibrosis in non-cholestatic chronic hepatitis B virus infected patients performed liver ultrasound elastography.
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![Receiver operating characteristic (ROC) curves of TBA/TC for distinguishing significant liver fibrosis. AUC = area under the ROC curves.](medi-99-e19248-g010){#F3}

4. Discussion
=============

BAs metabolism has a close relationship with cholestatic liver diseases.^\[[@R24]--[@R26]\]^ In the study, all chronic HBV infected patients with cholestasis were excluded. Based on our cohort of included consecutive patients, the present study, for the first time, analyzed the relationship between the imbalance of TBA/TC ratio and liver fibrosis. According to the results, TBA/TC might be a novel noninvasive marker of significant fibrosis and cirrhosis in chronic HBV infected patients without cholestasis.

Currently, there is growing evidence determines the close relationship between TBA and cirrhosis, for example, TBA correlated strongly with hepatic venous pressure gradient,^\[[@R30]\]^ and serum TBA levels may be elevated in portal hypertension bypassing the liver uptake via portosystemic shunt and intrahepatic shunt.^\[[@R31]--[@R33]\]^ Since BAs metabolism plays an essential role in cholesterol homeostasis,^\[[@R23]\]^ the elevation of serum BAs levels may cause imbalance of TBA/TC ratio. However, the association between TBA/TC and liver cirrhosis in chronic HBV infected patients without cholestasis remains to be elucidated. In the present study, the univariate analysis showed that TBA was significantly increased in cirrhosis in chronic HBV infected patients, which was consistent with previous studies.^\[[@R17],[@R34],[@R35]\]^ In addition, TBA/TC was also significantly increased in cirrhosis and had an independent relationship with cirrhosis in non-cholestatic chronic HBV infected patients.

Of all noninvasive fibrosis tests based on serum indicators, APRI and FIB-4 are recommended by clinical practice guidelines as commonly used methods.^\[[@R8],[@R9]\]^ The APRI and FIB-4 were developed in patients with chronic hepatitis C virus infection,^\[[@R10],[@R36]\]^ and were also demonstrated to be suitable markers for detecting significant fibrosis and cirrhosis in patients with chronic hepatitis B.^\[[@R37],[@R38]\]^ However, the APRI as well as FIB-4 scores consist of indirect markers of fibrosis such as ALT, AST and platelet count,^\[[@R10],[@R11]\]^ while normal transaminase levels do not exclude the presence of significant fibrosis.^\[[@R39],[@R40]\]^ Furthermore, the PPV of APRI for detection of cirrhosis was low as detecting only one third of persons with cirrhosis.^\[[@R8]\]^ In present study, we also compared the ability of TBA, TBA/TC and APRI, FIB-4 to differentiate cirrhosis. The AUC of TBA and TBA/TC were 0.85 and 0.87 respectively, which were equivalent to APRI and FIB-4 (AUC = 0.84 and AUC = 0.80, respectively). But the specificity and PPV of TBA (85.19%, 91.70%) and TBA/TC (83.33%, 91.10%) were higher than those of APRI (73.61%, 87.20%) and FIB-4 (71.76%, 85.60%). Similar results were found in liver biopsy patients. According to the results, the combination of these 4 noninvasive indicators may help to better distinguish the presence of cirrhosis.

Apart from cirrhosis, the presence of significant liver fibrosis is also a priority for antiviral therapy.^\[[@R2],[@R9]\]^ In our study, the univariate and multivariate analyses showed that TBA and TBA/TC were significantly increased in significant fibrosis in patients performed liver ultrasound elastography and TBA/TC was also found to be one of independent predictors of significant fibrosis (OR = 0.97, 95% CI: 0.95--0.10).

The limitations of the present study are as follows: firstly, although the retrospective study has been rigorously designed, there was a lack of animal or cell-based research to further elucidate the underlying mechanism of the imbalance of TBA/TC ratio in non-cholestatic chronic HBV infection. Secondly, the study was predominantly retrospective so that we did not analyze the dynamic changes of serum TBA and TC levels in non-cholestatic patients, and long-term prognostic value was not evaluated. Prospective studies need to be performed to explain the value of TBA/TC in the assessment of prognosis.

In conclusion, the calculated novel noninvasive indicator of TBA/TC could serve as an additional marker to distinguish significant liver fibrosis and cirrhosis in non-cholestatic chronic HBV infected patients. Further prospective studies are needed to confirm our findings.
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